
70

Journal of Baltic Science Education, 2006 No. 2 (10)

ISSN 1648–3898PUPILS’ MENTAL MODELS OF A PULLEY IN BALANCE
(P. 26–34)

Abstract. This study investigated the

balance and emphasis of scientific

literacy themes in Zambian high

school physics course in an attempt

to find out its potential of

contributing to preparation of

scientifically literate citizens. Results

show that the national syllabus and

examinations emphasized the

investigative nature of science while

textbooks placed most emphasis on

basic knowledge of science.

Although the interaction of science,

technology and society theme was

accentuated in the syllabus, it was

less emphasized in textbooks and

absent in some examination papers.

However, the physics course has

potential of contributing to the

preparation of scientifically literate

citizens.
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Introduction

Scientific literacy (SL) is one of the main goals of science
education and its emphasis is reflected in science education
reforms and national educational policies around the world
(Lumpe, & Beck, 1996; Wilkinson, 1999). For example, in Zambia
one of the goals of education presented in the National
Education Policy (NEP) adopted by the Ministry of Education in
1996 is to produce “a learner capable of appreciating the
relationship between scientific thought, action and technology
on the one hand, and sustenance of the quality of life on the
other” (NEP, 1996, p. 5). The NEP serves to underscore that a
scientifically literate person should have a range of investigative
skills and understanding of nature of science and the interaction
between science, technology and society in order to function
in a modern society. Beyond education reforms and national
educational policies, science curriculum materials are expected
to meet the challenges of improving SL by providing curriculum
balance which stresses fairly equal proportions of the following
themes: (a) basic knowledge of science (Theme I), (b)
investigative nature of science (Theme II), (c) science as a way
of thinking (Theme III) and (d) interaction of science, technology
and society (Theme IV) (Chiappetta, Sethna, & Fillman, 1993).
As such, science educators have analyzed science textbooks to
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establish the representation of these four themes of SL (Chiappetta, Sethna & Fillman, 1991 &
1993; Bojouade, 2002; Lumpe & Beck, 1996; Wilkinson, 1999). In general, these studies reported
that science textbooks possessed little balance in their approach to the four themes of SL. Most
textbooks emphasized the basic knowledge of science theme, which includes facts, theories and
laws followed by investigative nature of science theme. Very little text was devoted to science as
a way of thinking and even less was devoted to interaction of science, technology and society
theme. It is evident in the literature that, to date, studies on this important topic in science
education have only examined textbooks and ignored science syllabi and public examinations. Yet,
in many developing countries like Zambia, with centralized education system, national syllabi
serve as main guides for writing textbooks, science instruction and preparing public examinations.
If SL is an implied aim of science teaching, then it ought also to form an important part of the aims
of the national science syllabus, textbooks and examinations. This study, therefore, investigated
the balance and emphasis on SL themes in Zambian high school physics syllabus, textbooks and
grade twelve public examination papers in an attempt to find out whether or not the national
physics course has the potential to contribute to the preparation of scientifically literate citizens.
This study went beyond previous studies by examining physics syllabus and examination papers for
SL themes representation and compared with those in the textbooks. This study was guided by
the following questions: What content is emphasized in the national physics syllabus, textbooks
and examinations relative to the four themes of SL mentioned above? Does the national high
school physics syllabus differ from the physics textbooks and public examinations with regard to
their treatment of the four themes of SL? Does the national physics course have the potential to
contribute to the preparation of scientifically literate citizens?

Zambian high School Science Curriculum
High school education starts in grade ten and ends in grade twelve. Students’ admissions to

high school are based on their performance in the public Junior high school examinations, which
they take at the end of grade nine. Before students start their grade ten, school administrators
use grade nine science and mathematics examination results to put students in either humanities
or science streams. However, physics is a compulsory subject in both streams and all students are
required to take it in three years of high school. Each stream has other subjects that students are
required to take. Each student is required to take a minimum of six and maximum of nine subjects
including physics in the stream of his or her choice to meet the first condition for high school
certification, the other condition is passing the public examinations.  There are five periods of
physics instruction in a week and each period is forty-five minutes long. There are three school
terms in a year (January to April, May to August and September to December) and each is
thirteen weeks long. By the end of their grade twelve students will have taken more than 140
hours of physics instruction. At the end of their grade twelve students sit for public examinations,
equivalent to the Ordinary-Level (O-Level) standard in the British system, for certification, admission
to post-secondary school education, training and employment.  The national physics examinations
are prepared by experienced high school physics teachers and physics lecturers from a local
university in conjunction with Examination Council of Zambia. The examiners use the syllabus and
textbooks as a guide for preparing examinations. The national physics textbooks that are used in
schools were written by Zambian science educators following the physics syllabus.

Methodology of Research

Data sources

Data sources were one high school physics syllabus, three physics textbooks (Physics 10, 11
and 12) (see reference list for details) and fifteen public physics examination papers (Papers 1, 2
and 3) that were written by high school students between 2000 and 2004. The physics syllabus was
written in 1996 by Zambian science educators in conjunction with Curriculum and Development
Center (CDC), adopted by the Ministry of Education and implemented in schools in 2000. The
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physics examination Paper 1 has forty multiple choice questions to be answered in one hour while
physics paper 2 is a theory paper in which students are required to write short answers and essays
in two and half hours. Physics paper 3 is a two-hour practical examination in which students are
asked to perform four experiments and write a report on each.

Procedure

The analysis of the physics course materials was carried out following a valid and reliable
procedure developed by Chiappetta, et al. (1991). Evidence for content validity for the themes
comes from the fact that Chiappetta et al. derived the four themes for SL based on numerous
literacy documents. The four themes of SL are:

1. The Basic Knowledge of Science: Check this category if the intent of the text is to
present, discuss, or ask the student to recall information, facts, concepts, principles,
laws, theories, etc. This theme reflects the transmission of scientific knowledge where
the student receives information.

2. The Investigative Nature of Science: Check this category if the intent of the text is to
stimulate thinking and doing by asking the student to “find out.” It reflects the active
aspect of inquiry and learning, which involves the student in the methods and processes
of science such as observing, measuring, classifying, inferring, recording data, making
calculations, experimenting, etc.

3. Science as a way of Thinking: Check this category if the intent of the text is to illustrate
how certain scientists in particular went about finding out. This aspect of the nature of
science represents thinking, reasoning and reflection, where the student is told about
how the scientific enterprise operates.

4. Interaction of Science, Technology, and Society (STS): Check this category if the intent of
the text is to illustrate the effects or impacts of science on society. This aspect of SL
pertains to the application of science and how technology helps or hinders humankind.
In addition, it involves social issues and careers. Nevertheless, the student receives this
information and generally does not have to find out. (Chiappetta, Sethna, & Fillman,
1991, p. 943-944).

The units analyzed in the syllabus were introduction, aims, suggested teaching approaches,
content statements and assessment objectives. In textbooks, the units analyzed included text
paragraphs, activities, introduction, aims and objectives sections, tables, charts, review questions,
and photographs. All the questions, diagrams and tables in the examinations were analyzed.
These units of analysis were read and placed into one of the four themes of SL. Then the number
of units of analysis for each theme was determined and expressed as a percentage of total
number of units of analysis for each document. In this way, the percentages of the four themes of
SL were obtained for each physics course material. Two physics educators independently coded
the documents for the four SL themes. An intercoder agreement coefficient was calculated using
Cohen’s Kappa (Cohen, 1960). This coefficient factors in chance agreement and represents a
measure of reliability. The mean percentages of SL themes are reported in Table II below.

Results of Research

Intercoder Agreement

Table 1 below shows that percentage agreement ranged of 85% to 93% for the physics
course materials analyses with corresponding range of kappa values from 0.82 to 0.92 were
achieved. These statistics suggest a high degree of agreement between the two raters in
categorizing the content into four themes of SL. Chiappetta et al (1991) stated that values above
75% indicate excellent interrater agreement while kappa values below 0.4 indicate a poor
coefficient.
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Table 1. Intercoder Agreement Coefficients for each Physics course material.

Course Material Percent Agreement Kappa

Syllabus 89 0.88

Book 10 93 0.92
Book 11 88 0.86

Book 12 85 0.82

Paper 1 Examination (N=5) 89 0.88
Paper 2 Examination (N=5) 91 0.90

Paper 3 Examination (N=5) 87 0.85

Note: This data is from two raters who conducted the coding. N= Number of Exam. papers

SL themes in the Introduction, Aims and Assessment sections of Physics Syllabus

The four themes of SL were explicitly emphasized in the introduction and the general aims of
the national high school physics syllabus as shown below:

During this course pupils should acquire knowledge and understanding of facts, ideas, and
experimental techniques (CDC, 1996 p. ix-x) (SL Themes I &II).

The syllabus aims at stimulating pupils’ curiosity and sense of inquiry which will in turn not
only provide suitable basis for further study of the subject but also provide pupils with sufficient
knowledge and understanding to make them become useful and confident citizens. The essence
of such an inquiry is related to problem solving and reflecting on scientific enterprise (CDC, 1996,
p. ix). (SL Themes II, III & IV)

…education system should aim at producing a learner capable of appreciating the relationship
between scientific though, action and technology on the one hand, and sustenance of the
quality of life on the other. This syllabus has taken into consideration environmental issues
with emphasis on applications of physics in everyday life (CDC, 1996, p. vi). (SL Theme IV)

The assessment section also states that the physics examinations should focus on assessing
students’ knowledge, understanding and application of: scientific phenomena, facts, concepts,
theories, laws, terminology, use of symbols, quantities and units (Theme I);  scientific apparatus
and instruments and their safe operations, hypothesizing, plotting and interpreting graphs (Theme
II); experimental methods evaluation and possible improvements (Theme III); and  scientific and
technological applications with social, economic and environmental relevance (Theme IV).

SL Themes in Physics Syllabus, Textbooks and Examinations

Table 2 shows that all the four themes of SL were represented in the national physics
syllabus in varying degrees with investigative nature of science (Theme II) receiving more
representation than any of the other three themes. The physics textbooks placed most emphasis
on basic knowledge of science with an overall mean of 72% followed by the investigative nature
of science (19%), less on science as a way of thinking (6 %) and even less on interaction of science,
technology and society (3%).

Physics examinations mostly emphasized the investigative nature of science (64%), followed
by science as a way of thinking (20%) and the basic knowledge of science (16%), and to the
relative neglect of interaction of science, technology and society (1%).
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Table 2. Mean Percentage of Themes of SL Found in Physics Course Materials.

              Physics Course Material              Themes of SL

I II III IV

Syllabus (N= 261) 2 7 3 6 2 1 1 6

Book 10 (N=769) 60 30 6 4
Book 11 (N=792) 77 16 5 2

Book 12 (N=786) 79 12 6 4

Mean 7 2 1 9 6 3
Paper 1 Examinations (N=200) 24 55 22 0

Paper 2 Examinations (N= 286) 25 46 28 4

Paper 3 Examinations (N=215) 0 9 1 9 0
Mean 1 6 6 4 2 0 1

Note. N = Number of analyzable units identified. Themes of SL: I= Basic Knowledge of Science; II= Investigative Nature of

Science; III= Science as a Way of Thinking; and IV= Interaction of Science, Technology and Society.

Although physics paper 1 had multiple choice questions, examiners placed more
emphasis on investigative nature of science (55%) than basic knowledge of science theme
(24%), less emphasis on science as a way of thinking (22%) and 0% on interaction of science,
technology and society theme. Physics paper 3 emphasized investigative nature of science
(91%), less emphasis on science as a way of thinking (9%) and 0% on basic knowledge of
science and interaction of science, technology and society themes of SL.

Discussion

The emphasis on basic knowledge of science in Zambian physics textbooks is consistent
with pervious studies (Chiappetta et al., 1991 & 1993; Boujaoude, 2002; Lumpe & Beck,
1996; Wilkinson, 1999) which reported that textbooks are facts-laden. Although Chiappetta
et al. (1991) predicted that new science materials are likely to devote a higher proportion of
their text to interaction of science, technology and society since this theme is attracting
more attention in science education, the current Zambian physics textbooks and examinations
placed the lowest emphasis on this theme. This finding suggests that in spite of the
innumerable scientific and technological advancements that have occurred in physics over
the past decades and that have greatly affected society, textbook authors and examiners
have not included them in physics curriculum. This is likely to be an obstacle in promoting SL
among students.

The results also suggest that the purpose of the textbooks is to provide scientific
facts. However, the emphasis on the investigative nature of science and science as a way of
thinking in the syllabus and examinations offers students with opportunities to develop
science investigative skills and understanding of how scientific knowledge is produced and
the characteristics of such knowledge. This implies that the syllabus and examinations provide
students with the meta-cognitive tools to reflect upon science as an enterprise. What is
more important with this finding is that learning is not complete if students can’t reflect
upon scientific knowledge and skills they acquire if they are to apply them in their lives.
However, the disproportionate representation of SL themes in the physics course materials
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may be attributed to the nature, purposes and the authors of these documents. The national
physics syllabus was written as the main guide of science instruction in high school classrooms,
hence the better representation of SL themes. Textbooks authors may have written their
books to mainly delivery scientific facts. Physics paper 2 examinations are intended to assess
students’ application of scientific knowledge and skills to new situations. Physics paper 3 as
laboratory-based examinations are aimed at assessing students’ knowledge and skills for
designing, conducting experiments and communicating the findings. The physics examiners
most of whom are lecturers at a local university may not be interpreting the syllabus and
textbooks during the examination preparation in the same way as the authors of these
materials would.

For a complete understanding of SL themes representation in Zambian high
school science education we recommended that further studies should be conducted to (1)
examine the representation of the four themes of SL in other national courses such as
Biology and Chemistry and (2) find out how the four themes of SL are addressed by teachers
during science instruction.

Conclusions

The balance of SL themes in the national physics course tilts towards, in descending
order, Themes II, III, I and IV. Although the interaction of science, technology and society
theme was accentuated in the physics syllabus, it was least emphasized in textbooks and
absent in some examination papers. The physics course has reasonable potential to promote
SL among high school students. However, to serve its purpose as a compulsory science course
it should place equal emphasis on SL themes.
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ÐåçþìåÐåçþìåÐåçþìåÐåçþìåÐåçþìå

ÊÎËÈ×ÅÑÒÂÅÍÍÛÉ ÀÍÀËÈÇ Ó×ÅÁÍÈÊÎÂ, ÏÐÎÃÐÀÌÌÊÎËÈ×ÅÑÒÂÅÍÍÛÉ ÀÍÀËÈÇ Ó×ÅÁÍÈÊÎÂ, ÏÐÎÃÐÀÌÌÊÎËÈ×ÅÑÒÂÅÍÍÛÉ ÀÍÀËÈÇ Ó×ÅÁÍÈÊÎÂ, ÏÐÎÃÐÀÌÌÊÎËÈ×ÅÑÒÂÅÍÍÛÉ ÀÍÀËÈÇ Ó×ÅÁÍÈÊÎÂ, ÏÐÎÃÐÀÌÌÊÎËÈ×ÅÑÒÂÅÍÍÛÉ ÀÍÀËÈÇ Ó×ÅÁÍÈÊÎÂ, ÏÐÎÃÐÀÌÌ
È ÝÊÇÀÌÅÍÎÂ ÏÎ ÔÈÇÈÊÅ ÑÐÅÄÍÅÉ ØÊÎËÛÈ ÝÊÇÀÌÅÍÎÂ ÏÎ ÔÈÇÈÊÅ ÑÐÅÄÍÅÉ ØÊÎËÛÈ ÝÊÇÀÌÅÍÎÂ ÏÎ ÔÈÇÈÊÅ ÑÐÅÄÍÅÉ ØÊÎËÛÈ ÝÊÇÀÌÅÍÎÂ ÏÎ ÔÈÇÈÊÅ ÑÐÅÄÍÅÉ ØÊÎËÛÈ ÝÊÇÀÌÅÍÎÂ ÏÎ ÔÈÇÈÊÅ ÑÐÅÄÍÅÉ ØÊÎËÛ
ÇÀÌÁÈÈ Â ÀÑÏÅÊÒÅ ÒÅÌ ÍÀÓ×ÍÎÉ ÃÐÀÌÎÒÍÎÑÒÈÇÀÌÁÈÈ Â ÀÑÏÅÊÒÅ ÒÅÌ ÍÀÓ×ÍÎÉ ÃÐÀÌÎÒÍÎÑÒÈÇÀÌÁÈÈ Â ÀÑÏÅÊÒÅ ÒÅÌ ÍÀÓ×ÍÎÉ ÃÐÀÌÎÒÍÎÑÒÈÇÀÌÁÈÈ Â ÀÑÏÅÊÒÅ ÒÅÌ ÍÀÓ×ÍÎÉ ÃÐÀÌÎÒÍÎÑÒÈÇÀÌÁÈÈ Â ÀÑÏÅÊÒÅ ÒÅÌ ÍÀÓ×ÍÎÉ ÃÐÀÌÎÒÍÎÑÒÈ

Ôðàöêñîí Ìóìáà, Âèâèåí Ì. ×àáàëåíãóëà, Âèëüÿì ÃóíòåðÔðàöêñîí Ìóìáà, Âèâèåí Ì. ×àáàëåíãóëà, Âèëüÿì ÃóíòåðÔðàöêñîí Ìóìáà, Âèâèåí Ì. ×àáàëåíãóëà, Âèëüÿì ÃóíòåðÔðàöêñîí Ìóìáà, Âèâèåí Ì. ×àáàëåíãóëà, Âèëüÿì ÃóíòåðÔðàöêñîí Ìóìáà, Âèâèåí Ì. ×àáàëåíãóëà, Âèëüÿì Ãóíòåð

Íàó÷íàÿ ãðàìîòíîñòü - îäíà èç ãëàâíûõ öåëåé åñòåñòâåííîíàó÷íîãî îáðàçîâàíèÿ, è àêöåíò íà
ýòî îòðàæåí â ðåôîðìàõ åñòåñòâåííîíàó÷íîãî îáðàçîâàíèÿ è íàöèîíàëüíîé îáðàçîâàòåëüíîé ïîëèòèêè
âî âñåì ìèðå.

Â äàííîì èññëåäîâàíèè àíàëèçèðîâàëîñü êàêîé áàëàíñ òåì íàó÷íîé ãðàìîòíîñòè ñóùåñòâóåò â
ïðîãðàììå ïî ôèçèêå è òðåõ ó÷åáíèêàõ ïî ôèçèêå â ñðåäíåé øêîëå Çàìáèè. Òàêæå áûëî
ïðîàíàëèçèðîâàíî 15 ïèñüìåííûõ ýêçàìåíàöèîííûõ ðàáîò, íàïèñàííûõ â ïåðèîä 2000 – 2004 ãîäà.
Áûëà îñóùåñòâëåíà ïîïûòêà óçíàòü, èìååò ëè íàöèîíàëüíûé êóðñ ôèçèêè ïîòåíöèàë, ÷òîáû âíåñòè
ñâîé âêëàä â ïîäãîòîâêó ñ íàó÷íîé òî÷êè çðåíèÿ ãðàìîòíûõ ãðàæäàí.

×åòûðå òåìû íàó÷íîé ãðàìîòíîñòè: (a) ýëåìåíòàðíûå çíàíèÿ íàóêè (b) èññëåäîâàòåëüñêàÿ ïðèðîäà
íàóêè, (c) íàóêà êàê ìûøëåíèå, (d) âçàèìîäåéñòâèå íàóêè, òåõíîëîãèè è îáùåñòâà.

Àíàëèç ìàòåðèàëîâ êóðñà ôèçèêè áûë âûïîëíåí èñïîëüçóÿ íàäåæíóþ è âàëèäíóþ ïðîöåäóðó,
ðàçðàáîòàííóþ Chiappetta, è äð. (1991).

Ðåçóëüòàòû ïîêàçûâàþò, ÷òî íàöèîíàëüíàÿ ïðîãðàììà è ýêçàìåíû ïîä÷åðêíóëè èññëåäîâàòåëüñêóþ
ïðèðîäó íàóêè, â òî âðåìÿ êàê ó÷åáíèêè â áîëüøèíñòâå äåëàþò àêöåíò íà ýëåìåíòàðíûå çíàíèÿ
íàó÷íûõ òåì. Õîòÿ òåìà âçàèìîäåéñòâèÿ íàóêè, òåõíîëîãèè è îáùåñòâà áûëî ïîä÷åðêíóòî â ïðîãðàììå,
ýòî áûëî ìåíåå ïîä÷åðêíóòî â ó÷åáíèêàõ è îòñóòñòâîâàëî â íåêîòîðûõ ýêçàìåíàöèîííûõ ðàáîòàõ.
Îäíàêî, êóðñ ôèçèêè èìååò îïðåäåëåííûé ïîòåíöèàë ïîìî÷ ïîäãîòîâèòü ñ íàó÷íîé òî÷êè çðåíèÿ
ãðàìîòíûõ ãðàæäàí ñòðàíû.

Êëþ÷åâûå ñëîâà:Êëþ÷åâûå ñëîâà:Êëþ÷åâûå ñëîâà:Êëþ÷åâûå ñëîâà:Êëþ÷åâûå ñëîâà: íàó÷íàÿ ãðàìîòíîñòü, êóðñ ôèçèêè, ïðîãðàììà, ó÷åáíèêè ôèçèêè.
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